Abstract. transcatheter arterial chemoembolization (tacE) is useful for the treatment of multiple hepatocellular carcinomas (hccs). pre-operative tacE is used to reduce recurrence caused by peri-and post-operative spread of cancer cells; however, the efficacy is controversial. In this study, we evaluated the efficacy of pre-operative TACE for HCC and the implication of circulating cancer cells, retrospectively. We analyzed 495 patients with hcc who had undergone hepatectomy between 1980 and 2006, including 252 patients (50.9%) who received pre-operative tacE. the median follow-up period was 49.9 months. We compared the survival of tacE and non-tacE groups and also performed subgroup analysis. α-fetoprotein (AFP) mRNA was quantified to represent circulating cancer cells. pre-operative tacE prolonged disease-free survival after hepatectomy in patients with hccs greater than 5 cm (5-year disease-free survival of the pre-operative tacE and no-tacE groups was 37.3 vs. 14.8%, p<0.05). patients with tumors showing 70% or greater necrosis had a significantly more favorable survival, and those with complete necrosis were all aFp mrna-negative. the survival of the aFp mrna-positive patients was worse than that of the aFp mrna-negative patients. Pre-operative TACE may be beneficial for patients with tumors larger than 5 cm, and AFP mRNA quantification may be useful for the prediction of survival after surgery in tacE-treated patients.
Introduction
hepatocellular carcinoma (hcc) is one of the most common solid neoplasms worldwide, and the prognosis of patients is often poor (1) . although hepatectomy or transplantation provides better results for local control of hcc than other therapies, survival has not been satisfactory, particularly for large tumors, since both intrahepatic and extrahepatic recurrences often occur after hepatectomy even in patients who undergo a curative resection. hematologic spread or the presence of micrometastases is thought to be the major cause of early recurrence after liver resection. Several investigators have tried to detect the presence of circulating cancer cells hematologically (2-4). Our group previously described the use of quantitative reverse transcriptase-polymerase chain reaction (qrt-pcr) to detect α-fetoprotein (aFp) mrna as a marker of circulating cancer cells during liver resection (5) (6) (7) (8) .
transcatheter arterial chemoembolization (tacE) has been used widely in patients with multiple hccs. this procedure involves injection of ionized oil and chemotherapeutic agents into the tumor-feeding artery followed by particulate embolization. Several investigators, including some clinical trials, have used this technique as neoadjuvant therapy for resectable hcc, with the hope of minimizing post-operative recurrence and prolonging survival after hepatectomy . The efficacy of TACE, however, is still controversial, with some investigators suggesting that pre-operative tacE may be useful in several selected groups (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . For these reasons, we hypothesized that pre-operative tacE may regulate the spread of cancer cells during liver resection.
in this retrospective study, we evaluated the effects of tacE applied before hepatectomy for resectable hcc on survival and analyzed a subgroup of patients who underwent pre-operative tacE. in addition, we used qrt-pcr to measure the amount of aFp mrna after tacE and analyzed 
Patients and methods
Patients. between October 1980 and december 2006, 713 patients underwent hepatectomy for pathologically confirmed hcc at our institution. among these patients, 495 underwent curative resection and were eligible for evaluation in this study. patients who had the following factors were excluded: re-operative cases, patients with extrahepatic metastasis or lymph node metastasis, mixed hcc, pre-operative neoadjuvant chemotherapy other than tacE and non-curative resection. the surgical procedure was selected according to the status of liver function and cancer spread. all patients received follow-up with abdominal computed tomography (ct) and serum aFp measurements every 3 months in the first 2 years and every 6 months thereafter. the treatment for recurrence of hcc was determined by the recurrence pattern and the localization, and the liver function and general condition. the median follow-up period was 50 months (range 0-249 months). after discussing the mode and advantage or disadvantage of this treatment with the patients and their relatives, they were given the choice to receive or not to receive pre-operative tacE. among the 495 patients, 252 (50.9%) underwent tacE before operation (pre-operative tacE group), while 243 cases (49.1%) underwent liver resection without pre-operative tacE (non-TACE group). There was a significant difference between the tacE and non-tacE group in terms of pre-operative intrahepatic metastasis [74 (29.4%) and 46 (18.9%) patients, respectively, p<0.01], but no significant difference was noted among other baseline characteristics including age, gender, viral infection background, child-pugh grade, positive ratio of tumor markers for hcc, tumor size and number, portal vein invasion and tnm stage (table i). the retrospective study protocol was approved by the human Ethics review committee of Osaka university, and a signed consent was obtained from each patient.
TACE method. using the Seldinger's technique (30), a catheter was inserted selectively into the right or left hepatic artery or the tumor-feeding artery if identified. The chemotherapeutic regimens were based mainly on epirubicin (Farmorubicin ® ) doxorubicin hydrochloride (adriacin ® ) or mitomycin c (mitomycin ® ) (all from kyowa hakko, tokyo) according to the volume of the tumor and liver function. most patients also underwent embolization with iodized oil (lipiodol ® ) (guerbet, tokyo) and gelatin-sponge particles. the mean and median intervals between pre-operative tacE and hepatectomy were 2.3 and 1.7 months, respectively (range 0.2-11.3 months). after tacE, there were no serious complications requiring operative, endoscopic or radiologic intervention under general anesthesia (>grade IIIb in the Classification of Surgical complications) (31) .
Detection of AFP mRNA. From 1999, peripheral blood samples (16 ml) were obtained pre-operatively from each hcc patient. Quantitative rt-pcr was used for the detection of aFp mrna in peripheral blood as described previously (6) . the level of aFp mrna in the blood was expressed relative to that of the mrna of glyceraldehyde-3-phosphate dehydrogenase (gapdh). the lower limit of detection of the aFp mrna by qrt-pcr was 1.0x10 -8 ; values above this level were designated as positive as described previously (5, 6) .
Statistical methods. all data are presented as the mean ± standard deviation. differences in clinicopathologic parameters between the groups were compared by the Student's t-test for continuous variables or the chi-square test for others. Overall and disease-free survivals were calculated with the kaplanmeier method, and differences in survival between groups were compared using the log-rank test. a value p<0.05 was considered statistically significant. The statistical software used was StatView j-5.0 software (SaS, cary, nc).
Results

Effect of pre-operative TACE on survival after hepatectomy.
No significant differences were observed between the pre-operative tacE group and the non-tacE group regarding overall survival and disease-free survival after hepatectomy (Fig. 1) . in order to elucidate the clinical effects of pre-operative tacE, subgroup analysis was performed by dividing patients according to several clinicopathologic factors including age, gender, background of viral infection, child-pugh grade, tumor markers for hcc, tumor size and number, portal vein invasion, intrahepatic metastasis and tnm stage (table ii) . in the subgroup analyses, only the pre-operative tacE group with tumor size ≥5 cm in diameter showed a significant benefit as reflected by an increase in disease-free survival A B Figure 1 . Overall survival (a) and disease-free survival (b) curves after hepatectomy for pre-operative TACE and non-TACE groups. No significant differences were observed between the two groups (overall survival, p=0.88; disease-free survival, p=0.38). Figure 2 . disease-free survival curves after hepatectomy for patients who received or did not receive tacE pre-operatively and who had hcc tumors measuring ≥5 cm in diameter. The pre-operative TACE group showed a more favorable outcome than the non-tacE group (p=0.04).
after hepatectomy compared to the non-tacE group (p=0.04) (Fig. 2) , but no benefit in overall survival was noted (p=0.70). there was no difference in the clinicopathologic background between patients of the two groups with tumors ≥5 cm in diameter (Table III) . Additionally, to evaluate the influence of tumor size, we divided patients into groups according to 1 cm differences in tumor diameter and analysed each group regarding survival; there were no significant benefits between groups except for neoplasms ≥5 cm. Analysis of sites of recurrence showed that 134 and 36 patients experienced intrahepatic and extrahepatic recurrence in the pre-operative tacE group, and 153 and 25 patients in the non-tacE group (p=0.09).
Effect of the rate of tumor cell necrosis on survival. to determine the prognostic importance of the extent of necrosis of the tumor after tacE, patients treated with pre-operative tacE were divided into two groups according to the degree of tumor necrosis, and survival was calculated. the results of the kaplan-meier method showed that the overall and disease-free survivals over 5 years after hepatectomy for patients with tumors showing ≥70% necrosis (n=145) were superior to those with <70% necrosis (n=107). the 1-, 3-and 5-year overall survival rates were 97.1, 88.2 and 68.2% for the ≥70% necrosis group, and 89.1, 70.3 and 58.1% for the <70% necrosis group, respectively (p=0.02) (Fig. 3) . the 1-, 3-and 5-year disease-free survival rates were 75.5, 46.9 and 36.5% for the ≥70% necrosis group, and 60.8, 38.5 and 27.0% for the <70% necrosis group, respectively (p=0.03). analysis of recurrence sites showed that 82 and 12 patients experienced intrahepatic and extrahepatic recurrence in the ≥70% tumor necrosis group, and 52 and 24 patients in the <70% tumor necrosis group (p<0.01).
Patients with HCCs ≥5 cm exhibited a benefit of preoperative tacE for disease-free survival in our study. by contrast, the necrosis rate was another prognostic factor in overall and disease-free survival. therefore, we performed another analysis for patients with HCCs ≥5 cm and ≥70% necrosis. A survival benefit was noted in both overall and disease-free survival for patients bearing ≥5 cm HCCs in the ≥70% necrosis group; the 5-year overall and disease-free Figure 3 . (a) Overall survival curve for the pre-operative tacE group according to the necrosis rate induced by tacE. (b) the 5-year overall and diseasefree survival for necrosis rate ≥70% was better than that for necrosis rate <70% (p=0.02).
A B Changes in AFP mRNA in peripheral blood. among the last 123 patients for whom serum aFp mrna was measured preoperatively, 13 (11.6%) were positive. There was a significant difference between the aFp mrna-positive and -negative groups in terms of protein induced by vitamin k antigen ii (piVka-ii) (p<0.05), but not in the other clinicopathologic parameters analyzed. among 53 patients who underwent preoperative tacE, 5 patients were aFp mrna-positive, and pre-operative aFp mrna was negative in 12 patients who showed complete tacE-related necrosis, although the statistical difference was not significant (p=0.20). Quantification of aFp mrna revealed that aFp mrna-positive patients who received pre-operative tacE had the worst overall survival after hepatectomy compared to the aFp mrna-negative patients. among the pre-operative tacE group, the 5-year overall survival rates were 60.0% for the aFp mrna-positive group (n=5), and 88.8% for the aFp mrna-negative group (n=48), respectively (p=0.02). also, aFp mrna-positive patients with a tumor size ≥5 cm showed similar results; the 5-year overall survival rates were 0% (n=2; each 0.4 and 1.25 years), and 83.3% (n=20), respectively (p=<0.01).
Discussion
One of the reasons for the high recurrence rate in hcc is postulated to be the potential hematogenous spread of cancer cells pre-or intra-operatively, even if curative resection is performed. this possible phenomenon is probably due to the characteristics of hcc or the surgical manipulation during hepatectomy itself. irrespective of the underlying etiology, it is important to control this hematogenous spread of cancer cells, and one of the purposes of pre-operative tacE is to prevent such spread and improve the outcome after curative resection. in order to improve the survival rate after surgery for hcc, several researchers have tried pre-operative tacE; however, its clinical benefits are still controversial (Table IV) . half of these studies including randomized controlled trials (rcts) demonstrated effective results regarding pre-operative tacE while others did not or showed harmful results. Our results showed that pre-operative tacE prolonged the diseasefree survival in patients with hcc tumors measuring 5 cm or more in diameter. in these previous studies, some authors supported our results, i.e., pre-operative tacE was effective in large or stage iii-iV tumors (9) (10) (11) (12) . On the other hand, two rcts showed the opposite results (20, 22) . however, the background of these patients differed from ours; both studies involved large tumor (≥10 cm) in hepatitis B carriers.
Subgroup analysis based on other clinicopathological factors, such as portal vein invasion, intrahepatic metastasis and tnm stage, which are considered important factors in the prognosis of hcc patients, showed that pre-operative TACE had no significant benefits to survival. Several studies have documented the poor response to tacE in patients with satellite lesions, intrahepatic recurrence or tumor thrombosis (12, 13, 25, 26) . the generally poor response of patients with portal vein invasion, intrahepatic metastasis or advanced hcc to pre-operative tacE and subsequently to surgery, may be explained by the aforementioned reasons.
On the other hand, our results suggest that pre-operative TACE is beneficial for patients with HCCs 5 cm or more in diameter. Of these patients, the mortality rate of aFp mrnapositive patients was worse, even when they underwent pre-operative TACE. Although this finding may suggest hematological spread of cancer cells before surgery, the change in aFp mrna levels should be analyzed before or after both pre-operative tacE and surgery, since it is doubtful whether pre-operative aFp mrna was positive before tacE or became positive after tacE. nonetheless, aFp mrna may be a good prognostic marker of hcc.
the relationships between tacE-induced tumor necrosis, tumor spread and survival remain controversial (10) (11) (12) (13) (14) (15) (16) (17) (18) (22) (23) (24) (25) (26) . Our results showed that the 5-year overall and disease-free survival of patients with tumors showing a necrosis rate of 70% or higher was more favorable than the survival of patients with tumors showing less than 70% necrosis. in agreement with these results, the pre-operative aFp mrna of all 12 patients who showed tacE-related complete necrosis was negative. Furthermore, the analysis of recurrence sites found that patients bearing tumors with a necrosis rate less than 70% were more likely to develop extrahepatic recurrence. previous studies reported a higher incidence of extrahepatic metastasis in aFp mrna-positive patients, either before or after tacE (32) . these data indicate that complete necrosis induced by pre-operative tacE seems to inhibit extrahepatic metastasis and may be a suitable marker of favorable patient outcome. although the necrosis rate was determined through histopathological examination, some studies have evaluated the therapeutic response of tacE using modalities including dynamic ct, contrast-enhanced sonography, power doppler sonography, dynamic mri and angiography (33, 34) . however, we consider it insufficient to assess the effect of TACE pre-operatively. On the other hand, although the number of samples in this study was limited, the necrosis rate in 4 of the 5 (80%) aFp mrna-positive patients who received pre-operative TACE was less than 70%. These findings suggest differences in survival between patients bearing tumors with a necrosis rate equal to or greater than 70 and patients bearing tumors with less than 70% necrosis. although further examination is required, we can anticipate the efficacy of aFp mrna in peripheral blood for patient survival after surgery following tacE.
In conclusion, pre-operative TACE may be beneficial for patients with hcc tumors measuring more than 5 cm in diameter. these patients should undergo tacE before curative resection to prolong disease-free survival. however, tumor necrosis equal to or greater than 70% is necessary for more favorable survival. Our results also showed that quantification of aFp mrna in peripheral blood after tacE is potentially useful for the prediction of hcc recurrence.
